Agrobacterium isolates from grapevines that were previously characterized as biovar 3 strains were compared with the type strains of the four previously described species of the genus Agrobacterium, Agrobacterium tumefaciens, Agrobacterium radiobacter, Agrobacterium rhizogenes, and Agrobacterium rubi. Ten grapevine isolates were distinguished from other Agrobacterium species phenotypically by a number of biochemical tests and by their reaction with a monoclonal antibody raised to biovar 3. Levels of DNA binding between the type strains of previously described species and three grapevine isolates were estimated by optical measurement of initial DNA renaturation rates. The levels of DNA binding between grapevine isolates were 78 to 92%, and the levels of DNA binding with other type strains ranged from 7 to 47%. Our results indicate that the grapevine isolates are distinct from the type strains of the four previously described Agrobacterium species. A new species, Agrobacterium vitis, is proposed; the type strain is strain NCPPB 3554.
The following four species of the genus Agrobacterium are described in Bergey 's Manual Starr and Weiss 1943 . It has been recognized by many authors (10,16,17,20, 21, 36) that this classification is inadequate because the species A. tumefaciens and A. radiobacter differ only in containing and lacking, respectively, a tumor-inducing (Ti) plasmid, which is transferable between strains (33, 34). However, it is agreed that there are at least two well-defined, distinct groups and that these groups can be separated, regardless of phytopathogenicity, on the basis of DNA relatedness and on the basis of phenotype by characteristics which are chromosomally coded (10, 16, 17, 19-21, 36). These two groups are considered separate species ( A . tumefaciens and A. rhizogenes) by some authors (16) and different biovars or clusters by others (12, 17, 21) .
The position of other groups belonging to the genus Agrobacterium is less clear. Kersters and De Ley (20) included in A . rubi three strains which lacked DNA homology with biovars 1 and 2 and which had high levels of homology with each other. In a numerical taxonomy study, Holmes and Roberts (16) grouped the A . rubi type strain, strain TR3 (= NCPPB 1854), with isolates from grapevines, which have been characterized by a number of authors (1, 18, 25, 32 ; K. L. Perry and C. I. Kado, Phytopathology 71:249, 1981) as a group that is distinct from biovars 1 and 2.
The aim of this study was to determine the relationship of Agrobacterium isolates from grapevines, commonly referred to as biovar 3, to the type strains of the four previously described Agrobacterium species. A total of 10 isolates were compared phenotypically and serologically with a monoclonal antibody raised to biovar 3 (6) . Three grapevine isolates were compared with the type strains of the previously described Agrobacterium species by performing DNA homology studies. * Corresponding author.
MATERIALS AND METHODS
Bacterial strains and culture conditions. The sources of the strains used in this study are shown in Table 1 . Cultures were maintained on nutrient agar or yeast extract agar (29) at 28°C. The type strain of A. rubi, strain TR3, was maintained on yeast extract agar supplemented with biotin (0.1 pg/ml), nicotinic acid (0.2 pg/ml), and calcium pantothenate (0.2 pg/ml). For DNA extractions, bacteria from stock cultures were inoculated into 5 ml of yeast extract broth, grown to saturation, and then inoculated into 500 ml of yeast extract broth. The bacteria were grown at 25°C to late-logarithmic phase, and the cells were harvested by centrifugation.
Biochemical tests. (i) Selective media. The selective media used for biovars 1 and 2 were the media described by Brisbane and Kerr (7). The following two selective media were used for biovar 3: the medium of Brisbane and Kerr (7) and the medium of Roy and Sasser (M. A. Roy and M. Sasser, Phytopathology 73:810, 1983).
(ii) Growth factor requirements. The method used to determine growth factor requirements was based on the method of Keane et al. (17) . Bacteria from agar slopes were suspended in buffered saline, washed twice with sterile distilled water, and inoculated into broth containing either the salts of Petit et al. (27) or Bergersen salts (4), 1% mannitol, and a source of nitrogen, either with or without growth factors. Cultures were grown for 4 days at 25°C. Results were recorded every 24 h by measuring optical density at 640 nm. Bacteria were also inoculated onto agar containing either the salts of Petit et al. or Bergersen salts, either 1% mannitol or 1% glucose, and either 0.4% NaNO,, 0.4% NaNO, plus 0.1 pg of biotin per ml, 0.2% L-glutamic acid plus 0.1 pg of biotin per ml, 0.2% L-glutamic acid plus 0.01% yeast extract, or 0.2% L-glutamic acid plus 0.1 pg of biotin per ml plus 0.2 pg of calcium pantothenate per ml plus 0.2 c1. g of nicotinic acid per ml. Plates were evaluated for bacterial growth after 4 days of incubation at 28°C.
(iii) 3-Ketolactose production. To determine 3-ketolactose production, the method of Bernaerts and De Ley (5) was used.
(iv) Growth on 2% NaCI. Bacteria were streaked onto nutrient agar supplemented with 2% (wthol) NaCl, and growth was evaluated after 48 h at 28°C.
(v) Production of acid from carbon sources. No additional growth factors were added to the medium. Plates were incubated at 28°C. Growth was evaluated after 24 to 48 h, and reactions were classified into the following two types: type 1 (white bacterial growth with clearing of the medium) and type 2 (blue, thin growth with no clearing of the medium).
(viii) Growth at 37°C. Bacteria were inoculated into 5-ml portions of nutrient broth amended with biotin (0.1 pg/ml), nicotinic acid (0.2 pg/ml), and calcium pantothenate (0.2 Fg/ml) and were grown in a stationary water bath. Optical density at 640 nm was measured at 24-h intervals, and final results were evaluated after 4 days.
DNA preparation. DNA was extracted and purified by using the procedure of Marmur (23), which was modified to include 0.2% Sarkosyl (CIBA-GEIGY Corp., Summit, N.J.) in the initial washing step and a deproteinization step in which proteinase K (200 pg/ml, 60"C, 45 min) was added before the addition of sodium perchlorate. RNase was used at a concentration of 100 pg/ml. The purified DNA was dissolved in 0 . 1~ SSC (Ix SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7.0) to a concentration of 1 to 2 mg/ml and was stored at 4°C. The DNA was then sheared to an average fragment size of 400 to 800 base pairs by passing the DNA preparation two to three times through a French pressure cell at 12,000 to 15,000 lb/in2. Fragment size was confirmed by gel electrophoresis against a lambda Hind111 marker (Sigma Chemical Co., St. Louis, Mo.). DNA was quantified spectrophotometrically , and the purity of each preparation was ascertained by measuring the A26dA280 and A2JAT30 ratios. Before use, fragmented DNA preparations were diluted to a concentration of 150 pg/ml. Equal volumes of 4X SSC containing 50% deionized formamide were mixed with the diluted DNA to give final concentrations in the cuvettes of 75 Fg of DNA per ml, 2x SSC, and 25% formamide.
DNA denaturation and reassociation. The method used for DNA denaturation and reassociation was based on the method of De Ley et al. (11) . A model DU-8 UV-visible computing spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.) equipped with a temperature-controlled sample holder and a type T, Compuset Module was used for all reassociations. Four cuvettes were filled with a blank containing 2X SSC-25% formamide, DNA from each of the strains to be compared, and a 1:l mixture of DNAs from the two strains. Samples were assigned at random to individual cuvettes. The cuvettes were prewarmed to 60°C; the wavelength was set at 270 nm to avoid interference because of the presence of formamide. The program was designed to raise the temperature from 60 to 80°C in increments of l"C/min and from 80 to 100°C in increments of O.S"C/min. Samples were held at 100°C for 5 min in order to denature the DNA completely, and the temperature was then decreased rapidly to 50"C, which was approximately 25°C below the DNA melting temperature under these conditions. The absorbance was recorded every 1 min for 30 to 40 min. Reassociation was plotted, and from the linear portions of the homologous and heterologous reassociation curves, rates of reassociation were calculated. The degree of binding (D) between the two strains was determined from the following equation (11): D = 100 x (4Vmix -VA -VB)/2 vB , where Vmix was the absorbance change per unit of time for the linear portion of the heterologous reassociation curve and VA and VB were the absorbance changes per unit of time for the linear portions of the homologous reassociation curves. All comparisons were made in triplicate, except where indicated otherwise (see Table 3 ).
DNA base composition. The midpoint of the thermal denaturation profile (T,) was determined by the method of Mandel and Marmur (22) for selected strains. All T, determinations were made with a Beckman model DU-8 computing spectrophotometer. DNA at a concentration of 50 pg/ml Table 1 ). The reactions were identical for all strains except as follows: strains Ag57 and K309T required biotin, and all other isolates did not require biotin for growth; 8 of 10 isolates were negative in the test for acid production from ethanol, but strains Shl and G9V39 were positive.
See Materials and Methods.
in l x SSC was loaded into cuvettes which were prewarmed to 75°C. The T , was determined graphically, and the guanine-plus-cytosine (G+C) content of the DNA was determined from the following equation (21): G+C = (T, -69.3)
x 2.44. All T, determinations were made in triplicate, and the type strain of A , tumefaciens (strain NCPPB 2437) was used as a control in all runs.
Pathogenicity tests. Tumorigenicity was tested by suspending bacteria from 24-to 48-h-old yeast-mannitol agar (13) slope cultures in buffered saline to give turbid suspensions (ca. lo9 cells per ml). The bacteria were inoculated, by using sterile toothpicks, onto stems of sunflower (Helianthus annuus L. cv. Sungold) and boysenberry (Rubus sp. L. cv. Boysen) and onto grapevine shoots (Vitis vinifera cv. Waltham Cross). Results were recorded after 4 weeks for sunflowers and after 10 weeks for boysenberries and grapevine shoots.
Root decay activity was tested by placing grape seedlings ( V . vinifera L. cv. Waltham Cross) (length, 3 to 5 cm) onto sterile moistened vermiculite in glass petri dishes. A single wound was made at the crown of each seedling with a sterile insect-mounting pin, and 20 pl of a turbid suspension of bacteria was pipetted onto the wound site. All tests were done in triplicate, and seedlings were assessed visually for watery lesions at the crown and roots after incubation at 25°C for 4 to 5 days.
Dot immunobinding assay. The dot immunobinding assay which we used has been described previously (24) . Monoclonal antibody Ab F21-ID3G7C8 of Bishop et al. (6) was diluted to a concentration of 1 kg/ml for use in the assay. Table 2 shows the results of diagnostic tests used to separate the four groups. Differen-tiation of biovars 1 and 2 has been described previously (10, 16, 17, 20, 21, 36) , and our results were in agreement with the results of these reports. Biovar 3 strains can be differentiated from the previously described species by a number of characteristics. Only strains belonging to biovar 3 grow on two selective media, the medium of Roy and Sasser (Phytopathology 73:810, 1983) and the medium of Brisbane and Kerr (7) . Like strain TR3T (T = type strain), biovar 3 strains are negative for acid production from many of the carbon sources tested, but biovar 3 strains can be phenotypically differentiated from strain TR3T by their growth at 37°C and utilization of sodium L-tartrate. A distinguishing feature of strain TR3T is its requirement for the vitamins biotin, nicotinic acid, and calcium pantothenate. The two groups can also be distinguished by their reactions on aniline blue medium; on this medium the absence of additional growth factors causes strain TR3T to grow weakly, and it fails to cause clearing of the surrounding medium.
RESULTS

Phenotypic comparisons.
Pathogenicity. The type strain of A . tumefaciens, strain NCPPB 2437, was tumorigenic on sunflowers and boysenberries but not on grapevines. The type strain of A . radiobacter, strain ATCC 19385, was nontumorigenic on all of the hosts tested. The type strain of A . rhizogenes, strain ATCC 11325, was not tested in this study; however, this strain has been reported to induce root proliferation on carrot root disks (30). The A . rubi type strain, strain TR3, was tumorigenic only on boysenberries. Of 10 biovar 3 strains, 9 were tumorigenic on sunflowers and grapevine shoots. Biovar 3 strain CG484 was nontumorigenic on sunflowers and grapevines, which was in accord with previous observations (T. J. Burr, personal communication). All of the tumorigenic biovar 3 isolates except strain K377 produced octopine in galls formed on sunflowers; strain K377 produced nopaline (data not shown). All biovar 3 strains caused decay of grape seedling roots; the type strains of the other Agrobacterium species did not. DNA and G+C content. The T , values for the DNAs of the strains which we tested fell within the known range for the genus Agrobacterium (20) . The type strain of A . tumefaciens, strain NCPPB 2437, had a T, of 94.3"C, corresponding to a G+C content of 61 mol%. The type strain of A . rubi, strain TR3, and biovar 3 strain K309T both had a T,,, of 93.6"C, corresponding to a G+C content of 59 mol%. The previously published T,,, values for four A . rhizogenes strains ranged from 94.5 to 95.1"C (10).
Reaction with monoclonal antibody. All 10 biovar 3 strains listed in Table 1 were tested, and all reacted positively with monoclonal antibody Ab F21-ID3D7C8 of Bishop et al. (6) in a dot immunobinding assay. The type strains of the four previously described Agrobacterium species all reacted negatively. This confirms the reports of Bishop et al. (6) and Ophel et al. (24) that this antibody is specific to strains with the phenotypic characteristics of biovar 3 strains and does not react with strains belonging to biovars 1 and 2. In the two studies mentioned above, a total of 42 biovar 3 strains were tested, and all reacted positively with the antibody. The results of this study demonstrated that there is no reaction between strain TR3T and the antibody. Two other strains (strains EU6 and TR2) which are included in A . rubi (20) were also tested for their reaction to the antibody, and both were negative.
Levels of binding of DNA. Table 3 shows the levels of DNA binding between three grapevine strains (strains K309T, K377, and Ag57) and the type strains of the four previously described Agrobacterium species. The mean levels of DNA binding between grapevine strains and the A . tumefaciens,  A . radiobacter, A . rhizogenes, and A . rubi type strains ranged from 7 to 47%. The DNA binding values for grapevine strains Ag57 and K309T with the A . tumefaciens type strain were relatively high (39 and 47%, respectively), as was the level of binding between strain K377 and the A . rhizogenes type strain (47%). However, these values are well below the values observed for binding among the three grapevine strains (78 to 92%). The levels of DNA binding among the four Agrobacterium spp. type strains were less than 40%, except for the type strains of A . tumefaciens and A . radiobacter, which exhibited 80% DNA binding. These findings are in accord with previous findings which showed a mean level of DNA homology of 83% between four A . radiobacter strains and the A . tumefaciens type strain (15) . The standard error was estimated for each comparison in this study; these values ranged from 3 to 9%.
DISCUSSION
The results of the phenotypic tests, the DNA homology studies, and the antibody reactions indicate that there are clear differences between the type strains of the previously described Agrobacterium species and the 10 biovar 3 strains which were used in this study. Our results confirm the phenotypic differences between biovar 3 strains and strains belonging to biovars 1 and 2 ( Table 2 ). Holmes and Roberts (16) grouped strains from grapevines with strain TR3, the type strain of A . rubi. This grouping was not confirmed by our study, and the results of several tests differentiate grapevine strains from strain TR3 ( Table 2) . A major distinction between the groups is that A . rubi has an obligate requirement for three growth factors (31). The phenotypic differences between three biovar 3 strains and A . rubi were confirmed genetically by the low levels of DNA binding (19 to 43%) between the three grapevine strains and strain TR3. In addition, there was no reaction between strain TR3T and the monoclonal antibody raised to biovar 3.
All of the strains used in this study that belonged to biovar 3 produced reactions that agreed with the reactions given in previous phenotypic descriptions of this biovar (18, 19, 32; Perry and Kado, Phytopathology 71:249, 1981) . Acid production from ethanol was variable among the biovar 3 strains tested in this study, but this has been observed previously (26). The grapevine strains tested originated from Australia, Greece, and the United States and included one nontumorigenic strain. All of the grapevine strains produced the watery decay of grape roots described recently by Burr et al. The ability to produce root decay of grapevines further distinguishes grapevine strains from strain TR3T, Historically, biovar 3 has been included in the genus Agrobacterium because of the presence of Ti plasmids which have homology to Ti plasmids of other Agrobacterium species, because of their ability to form typical crown gall tumors, and because of their ability to synthesize and catabolize opines. In addition, as we found in this study, the G+C content of the proposed type strain, strain K309, is within the G+C content range specified for the genus Agrobacterium. The levels of DNA binding between three grapevine strains and the type strains of the other Agrobacterium species, as measured by using the optical renaturation rate method, ranged from 7 to 47%. The levels of DNA binding between grapevine strains were 78 to 90% when they were measured by the same method. A recent definition indicates that a bacterial species includes strains with levels of DNA-DNA relatedness of 70% or more (35) .
The separation of biovars 1 and 2 has been well documented (16, 17, 21, 36) . Confusion arises only with respect to terminology. The two species A . tumefaciens and A . radiobacter are indistinguishable phenotypically except on the basis of pathogenicity, a Ti plasmid-encoded characteristic. We support the proposals of Holmes and Roberts (16) to include all biovar 1 strains in the species A . tumefaciens and all biovar 2 strains in the species A . rhizogenes, regardless of pathogenicity. Only three strains belong in A . rubi (strains TR3=, TR2, and EU6), as indicated by Kersters and DeLey (20) . All grapevine isolates now classified as biovar 3 strains form a fourth group, and a specific name is justified because of their low levels of DNA homology and phenotypic distinctness compared with other Agrobacterium species. We believe that the name Agrobacterium vitis is appropriate, indicating the close association of these strains with grapevines.
Description of Agrobacten'um vitis sp. nov. Agrobacterium vitis (vi' tis. L. n. Vitis, generic name of grapevines). The morphology of cells and colonies is as described for the genus. Strains produce acid from mannitol and adonitol but not from erythritol, dulcitol, melezitose, and arabitol. Acid production from ethanol is variable. All strains produce alkali from sodium L-tartrate and grow on medium containing 2% (wthol) NaCl. They do not produce 3-ketolactose and do not grow at 37°C. Some strains require biotin for growth. On the selective medium of Brisbane and Kerr (7) colonies are white, round, smooth, and mucoid after 5 days of incubation; on the selective medium of Roy and Sasser (Phytopathology 73:810,1983) colonies are small, round, and white with red centers after 5 to 7 days of growth at 28°C.
The levels of DNA homology with the type strains of other Agrobacterium species are less than 47% in all cases when the optimal reassociation method is used. The levels of DNA homology between strains of A . vitis are 78 to 90% when the same method is used. All strains of A . vitis tested to date react positively with monoclonal antibody Ab F21-ID3G7C8.
The species A . vitis comprises strains previously referred to as Agrobacterium biovar 3. Strains are generally isolated from grapevines (7, 19, 26 ; T. J. Burr and B. Hurwitz, Phytopathology, 71:206, 1981 ; Perry and Kado, Phytopathology 71:249, 1981) but have also been reported from chrysanthemums (3) . The host range is not limited to grapevines in most cases but includes a variety of dicotyledonous plants. Strains may be tumorigenic or nontumorigenic, but to date no rhizogenic isolates have been described. All strains that have been tested are also capable of causing the watery decay on grapevine roots described by Burr et al. (8) .
The type strain is strain K309 (= NCPPB 3554). This strain is typical of A . vitis for all tests shown in Table 2 . It requires biotin for growth. The G+C content of the DNA is 59 mol%. Isolated from grapevines in South Australia in 1977, strain NCPPB 3554T is tumorigenic on grapevine shoots, on tomatoes, on carrot disks, and on sunflowers. Galls incited by strain NCPPB 3554T contain octopine, and this strain catabolizes octopine as a sole carbon and nitrogen source.
